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Introduction
Nitrogen and oxygen-rich nitric acid esters and other covalently bound nitrates are highly endothermic compounds. The covalent character of E-ONO 2 bonds causes a significant lowering of the activation barrier for the elimination of NO 2 in comparison to the NO 3 − ion in salts. Intriguingly, polynitrato complexes occupy a place between these extremes. Such complexes and in particular the metal-containing species with bidentate nitrate ligand coordination, are powerful oxidising agents which is exemplified by the capability of Ti(NO 3 ) 4 to set alkanes on fire. 2 It has been shown previously that the thermal decomposition pathway of transition metal nitrato complexes leads to metals or metal oxides and involves multiple reaction steps in which highly reactive nitryl radicals, NO 3˙, or NO 2 are released depending on the coordination mode of the nitrato ligands. 2 It has been demonstrated that the anionic homoleptic nitrato complexes in the compounds (NO)Au(NO 3 ) 4 , (NO) 2 Pd(NO 3 ) 6 and (NO) 2 Pt(NO 3 ) 6 3 in which the nitrato ligands prevail in a monodentate mode produce metal in chemical vapour deposition (CVD) processes, whereas the compound (NO 2 )Ga(NO 3 ) 4 , 4 in which a larger coordination centre permits agostic coordination of the nitrato ligand, generates gallium oxide deposits. Consequently, metal nitrates are considered in CVD applications for the growth of C,H-free deposits. 4 The properties of complexes of semimetallic 4 (E = Sn, 3b 6 ), E(NO 3 ) 4 − (E = B, 7, 8 Al, 9-13 Ga 14, 15 ), E(NO 3 ) 5 2− (E = Al 10, [16] [17] [18] [19] [20] ) and E(NO 3 ) 6 q− (E = Sn, q = 2; 21 Al, 22, 23 Bi, 24 q = 3). Attempts to synthesise Pb(NO 3 ) 6 2− , Ge(NO 3 ) 6 2− or Ge(NO 3 ) 4 (2b) using this method, however, failed and afforded GeO 2 and Pb(NO 3 ) 2 , respectively, instead. 25 An alternative preparative method for polynitrates involving silver nitrate as a NO 3 In the exploration of potential routes for the synthesis of the hexanitrato complexes of silicon, germanium and tin, two approaches were taken. In a direct approach (i), a suitable halide is allowed to react with a large excess of nitrate salt of a non-coordinating cation avoiding the intermediate formation of the highly reactive charge-neutral tetranitrates. This method is akin to the synthesis of the related hexaazido complexes. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] The indirect approach (ii) involves the in situ formation of tetranitrates, which are then "trapped" by Lewis acid-base reactions with nitrate anions.
The feasibility of the Cl  / NO 3  ligand exchange in approach (i) was tested by the reaction of tin(IV) chloride with an excess of NO 3  ions (Scheme 1). The nitrato complexes of this element were deemed to be the thermally least labile target species. (7), O1-Sn1-O7 99.21 (7), O7-Sn1-O7 i 180, O1-Sn1-O4 78.79(6), O1-Sn1-O4 101.21(6), O7-Sn1-O4 79.17 (7), O7-Sn1-O4 100.83(7); Sn1 occupies an inversion centre. Atomic coordinates denoted with superscript (i) were generated by inversion symmetry from the asymmetric unit.
The anionic part of the crystal structure of 3c ( .87(7), O4-Si1-O4 180, O1-Si1-O7 90.78(7), O1-Si1-O7 i 89.22 (7), O4-Si1-O7 88.19 (7), O4-Si1-O7 i 91.81(7), O7-Si1-O7 i 180, O16-Si2-O16 i 180, O16-Si2-O10 87.52(7), O16-Si2-O10 i 92.48(7), O10-Si2-O10 i 180, O16-Si2-O13 89.14(7), O16-Si2-O13 i 90.86(7), O10-Si2-O13 82.27(7), O10-Si2-O13 i 97.73(7), O13-Si2-O13 i 180. Disorder in N-O groups is accounted for by a 1:1 disorder model for two independent NO 3 ligands in which the positions of the terminal O atoms are split and geometry and thermal motion related to each other by suitable SADI, SIMU and DELU restraints. Atomic coordinates denoted with superscript (i) were generated by inversion symmetry from the asymmetric unit.
Previous work led to the suggestion that the classical N 2 O 5 / EX n method used for binary nitrates is unsuitable for the synthesis of the unknown germanium tetranitrate, Ge(NO 3 ) 4 (2b), as attempts to prepare 2b led to GeO 2 . 23 We have instead applied the method used for the in involved SiCl 4 that had to be dissolved in diethyl ether in order to bring about the reaction with AgNO 3 . Using acetonitrile as the solvent resulted in no precipitation of AgCl over the period of several hours. The same method described for 2c and 3c was then used to convert (1b) into (PPN) 2 [Si(NO 3 ) 6 ] (1c), which shows no decomposition over several months at a temperature of −28 °C, though the crystals begin to discolour within few hours at ambient temperature. The application of method (i) to synthesise 1c resulted in the type of decomposition observed for 3c. The structures of the salts 1c (Fig. 3 ) and 2c (Fig. 4) were also determined by single crystal X-ray diffraction studies. A comparison of the structural parameters derived from the X-ray diffraction studies reveals a number of interesting trends (Table 1) . Even though all hexa(nitrato)complexes E(NO 3 Table 1 . Characteristic bond length ranges [Å] and angles [°] in the E(NO 3 ) n ] (4 − n)2− complexes of 1c-3c (n = 6) and 1b (n = 4) The available data can be interpreted tentatively in terms of NO 2 With the exception of the D 3d symmetry, for which one imaginary frequency was found, all conformer models lead also to stable minima upon taking account of solvent (MeCN) within the polarisable continuum model (PCM). From a comparison of the energies (Fig. 7 and Table 2 ), a clear trend emerges that inversely correlates total energy with the number of anticonfigured trans-ligands. 
Clearly, any syn-configuration increases internal energy and is therefore thermodynamically disfavoured. Even though the PCM model appears to increase the energetic preference for the S 6 conformer, all energies are within a narrow band that stretches over less than 15 kJ mol −1 .
14 N NMR spectra of the hexanitrato complexes were recorded in dichloromethane-d 2 . All spectra show at least three resonance lines attributable to NO 3 
Experimental
Standard Schlenk tube, vacuum line and glove box techniques were employed throughout.
NMR spectra were recorded on a Bruker Avance Data were collected and integrated using APEX2 and Bruker SAINT, respectively.
Absorption correction was applied using SADABS (APEX2). All structures were solved by direct methods (SHELXS-97) and refined using SHELXL-2014 within the Shelxtl software suite. H atoms were included on idealised positions (riding model) with the thermal parameters H iso = 1.2U eq (pivot atom). The synthesis of 1b was adapted from a previous report. 26 SiCl 4 , GeCl 4 and SnCl 4 (all obtained from Aldrich) were stirred over dry Na 2 CO 3 and purified by trap-to-trap condensation. AgNO 3 (Engelhard) was used without further purification. (PPN)NO 3 was prepared from (PPN)Cl according to a published procedure 49, 50 and confirmed to be of high purity (elem. 
